Lignin is derived from the dehydrogenative polymerization of three monolignols: p-coumaryl alcohol, coniferyl alcohol, and sinapyl alcohol. Of these monolignols, coniferyl alcohol and sinapyl alcohol have methoxy groups at the 3 position and at the 3 and 5 positions, respectively (Higuchi, 1985; Davin and Lewis, 1992) . Two methylation pathways have been proposed for the methylation of the 3-and/or 5-hydroxyl groups in the biosynthesis of monolignols. In one, free hydroxycinnamic acids act as substrates for the methylation, which is mediated by CAOMT (EC 2.1.1.68) (see reviews by Grisebach, 1981; Davin and Lewis, 1992) . In the other pathway, the COA esters of hydroxycinnamic acids act as substrates for the methylation that is mediated by CCoAOMT (Kühnl et al., 1989; Pakusch et al., 1989; Ye et al., 1994) . However, there has been no comparative analysis showing whether both CAOMT and * Corresponding author; e-mail varner@wustlb.wstl.edu; fax 1-3 14 -935-4432.
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CCoAOMT are expressed in the same lignifying cell types. Further analysis of expression patterns of these two 0-methyltransferases could provide useful information for the manipulation of lignin content by genetic engineering.
CAOMT enzymes have been reported from over 50 plant species (see reviews by Grisebach, 1981; Davin and Lewis, 1992) . CAOMT cDNAs or genes have been isolated from a number of species Gowri et al., 1991; Collazo et al., 1992; Dumas et al., 1992; Jaeck et al., 1992; Pellegrini et al., 1993; Poeydomenge et al., 1994) . In aspen , the expression of CAOMT is closely associated with lignification in differentiating xylem. However, it is not known whether CAOMT is differentially expressed in different lignifying cell types. Recently, the effects of inhibition of CAOMT expression on lignification in transgenic tobacco have been examined. It was found that although lignin content but not lignin composition was affected in the transgenic tobacco expressing an antisense alfalfa CAOMT gene (Ni et al. 1994) , only lignin composition but not lignin content was affected in the transgenic tobacco expressing an antisense aspen (Dwivedi et al., 1994) or an antisense tobacco (Legrand et al., 1994) CAOMT gene. These results indicate the desirability of further examination of the methylation pathways in lignin biosynthesis.
A lignin biosynthetic pathway in which the methylation is performed on unknown derivatives of hydroxycinnamic acids instead of on the free acids was postulated nearly three decades ago (El-Basyouni et al., 1964; Brown, 1966 Brown, , 1969 El-Basyouni and Neish, 1966; Neish, 1968) , but no further evidence was available to support this proposed pathway. Subsequent isolation of the hydroxylases and the O-methyltransferases using the free acid forms apparently diverted attention from the pathway proposed by Neish (1968) . Therefore, the CAOMT-mediated methylation pathway has been widely accepted as the only methylation pathway in lignin biosynthesis in the last 20 years. The CCoAOMT activities were first found in fungal elicitortreated parsley and carrot cell-suspension cultures (Kühnl et al., 1989; Pakusch et al., 1989) . In parsley cell-suspension cultures, the addition of fungal elicitors induced both pcoumaroyl COA 3-hydroxylase and CCoAOMT activities, which convert p-coumaroyl COA to caffeoyl COA and caffeoyl COA to feruloyl COA, respectively (Kneusel et al., Plant Physiol. Vol. 108, 1995 Pakusch et al., 1989; Schmitt et al., 1991) . The resultant feruloyl COA was proposed to be involved in a defense role in the formation of cell wall-bound feruloylated polymers (Kiihnl et al., 1989; Pakusch et al., 1989) . The association of CCoAOMT with lignification was recently identified in the in vitro TEs induced from the isolated mesophyll cells of Zinnia elegans and in Zinnia and parsley organs (Ye et al., 1994) . It was suggested that the CCoAOMT is involved in an alternative lignin methylation pathway in Zinnia, and that the CCoAOMT-mediated methylation pathway is likely a general one in lignin biosynthesis during normal growth and development in plants.
However, in the Zinnia in vitro differentiating TEs, the CAOMT activity changes were not correlated well with lignification (Fukuda and Komamine, 1982; Ye et al., 1994) . It was suggested that the CCoAOMT-mediated methylation pathway might be the main pathway in the lignin biosynthesis of Zinnia in vitro TEs (Ye et al., 1994) . In this paper we further analyze the expression patterns of the CAOMT gene in both Zinnia in vitro differentiating TEs and organs, and compare the temporal and spatial expression pattern of the CAOMT with that of the CCoAOMT. The results indicate that although the CCoAOMT gene is markedly induced in a11 lignifying cell types, the accumulation of the CAOMT mRNA and protein is more evident in the fibers than in TEs. We propose a scheme of monolignol biosynthesis employing both the CAOMT-and the CCoAOMT-mediated methylation pathways.
MATERIALS AND METHODS

Cell lsolation and Culture
Zinnia elegans var Peter Pan plants were grown in the greenhouse. First true leaves from 11-d-old Zinnia seedlings were used for mesophyll cell isolation as described previously (Fukuda and Komamine, 1980) . Isolated mesophyll cells were cultured in the basal medium (Fukuda and Komamine, 1980) or in the TE induction medium (the basal medium with the addition of 0.5 p~ naphthaleneacetic acid and 0.5 FM BA).
Treatment of CAOMT Antibodies
Antibodies against aspen CAOMT were treated with Eschevickia coli XL1 blue cell extracts to eliminate nonspecific binding activities (Sambrook et al., 1989) . Briefly, 50 pL of the CAOMT antibodies were mixed with 10 mg of XL1 blue protein extracts in 50 mM Tris-HCI, pH 8.0, 10 mM EDTA, 1 mM PMSF and incubated at 4°C with rotating overnight. The treated CAOMT antibodies were then used for subsequent analysis. The Zinnia cDNAs synthesized from the mRNAs isolated from the cells cultured for 60 h in the TE induction medium were ligated into pBluescript SK+ vector. The resultant cDNA library was used for immunoscreening with aspen CAOMT antibodies as described by Sambrook et al. (1989) .
Briefly, the cDNA library in XL1 blue cells was induced by isopropyl p-D-thiogalactoside, and cDNA colonies containing CAOMT were screened with aspen CAOMT antibodies (dilution 1:5,000). Secondary antibodies conjugated with alkaline phosphatase (dilution 1:10,000) were used for color detection with 5-bromo-4-chloro-3-indolyl phosphate and p-nitroblue tetrazolium as substrates.
Expression of CAOMT in €. coli and CAOMT
Activity Assay
Positive colonies screened by aspen CAOMT antibodies were collected for the CAOMT activity assay. E. coli cell culture and the CAOMT activity assay were performed as described previously (Gowri et al., 1991; Ye et al., 1994) . CAOMT specific activity is expressed as pmol of methyl-14 C residue from [methyl-'4C]S-adenosyl-~-Met transferred to caffeic acid or 5-hydroxyferulic acid per mg of protein.
Each data point was the mean of two separate assays.
Protein content was assayed using Bradford's method (Bradford, 1976) with Bio-Rads protein assay dye.
DNA Sequence Analysis
CAOMT cDNA cloned in pBluescript SK+ vector was sequenced using United States Biochemical's Sequenase (version 2.0) DNA sequencing kit with synthetic oligonucleotide primers. Comparison of the CAOMT cDNA sequence with the data banks was performed using the BLAST network service from the National Center for Biotechnology Information (Bethesda, MD).
DNA lsolation and Cel Blot Analysis
Zinnia leaves from 2-week-old seedlings were used for genomic DNA isolation (Murray and Thompson, 1980) . The genomic DNA was digested with various restriction enzymes, separated on a 0.8% agarose gel, and transferred onto a nitrocellulose membrane (Sambrook et al., 1989) . The membrane hybridization and washing conditions were the same as those described by Ye and Varner (1993) .
RNA lsolation and Cel Blot Analysis
Total RNA was isolated from Zinnia cultured cells and organs (Ye and Varner, 19931 , separated on a 1% agaroseformaldehyde gel, and transferred onto a nitrocellulose membrane (Sambrook et al., 1989) . The hybridization and washing conditions were the same as those described by Ye and Varner (1993) . The RNA gel blot signals were quantitated using a model300A computing densitometer (Molecular Dynamics, Sunnyvale, CA).
Tissue-Print Hybridization
Zinnia stems of 4-and 6-week-old plants were used for tissue prints (Ye and Varner, 1991) . The mirror sides from the same cut were printed onto two separate Zeta-probe nylon membranes (Bio-Rad). After printing, the same sections were saved for toluidine blue staining to record anatomy. The membranes were treated with UV illumination to immobilize RNAs and prepared for hybridization as described (McClure and Guilfoyle, 1989; Ye and Varner, 1991) . Zinnia CAOMT cDNA or CCoAOMT cDNA cloned in pBluescript SK+ vector was used for the synthesis of 35S-labeled sense and antisense RNA probes. After hybridization, the signals were recorded on Tmax 400 film (Kodak). The internodes were arbitrarily numbered according to the order from young (top) to older (bottom).
lmmunogold Staining
Zinnia tissues were fixed in 4% paraformaldehyde in 10 mM phosphate buffer (pH 7.2) containing 150 mM NaCl at 4°C overnight. The tissues were then dehydrated and embedded in paraplast. Sections (10 Fm) were cut with a microtome and mounted on polylysine-coated slides (Jackson, 1991) . The sections were incubated with aspen CA-OMT antibodies (dilution 1:1000), and the signals were detected by immunogold/silver staining according to the manufacturer's protocol (Amersham). The control sera used in the experiment were the same aspen CAOMT antisera that were absorbed with CAOMT fusion protein to eliminate antisera against CAOMT (Sambrook et al., 1989) . Adjacent sections from the same internode were used for anatomy, lignin, and CAOMT stainings.
RESULTS lsolation and Analysis of Zinnia CAOMT cDNA Clone
A Zinnia cDNA library constructed in pBluescript SK+ plasmid vector was immunoscreened with aspen CAOMT antibodies. Seven positive clones were chosen for CAOMT activity assay. Because CAOMT cDNAs from aspen , alfalfa (Gowri et al., 19911 , and maize (Collazo et al., 1992) cloned in pBluescript vector a11 showed activities when transformed in E. coli, we assayed the CAOMT activity directly in the isolated positive clones. Four positive clones showed CAOMT activity. Partia1 sequence analysis showed that the nucleotide sequences of these four cDNAs were the same. The result of the CAOMT activity assay of one clone, pCAOMT-7, is shown in Table I . Little activity was detected in E. coli cells containing the pBluescript vector only, whereas a high level of the CAOMT activity was present in the cells containing the pCAOMT-7. The methylation rate of 5-hydroxyferulic acid compared to caffeic acid by the pCAOMT-7 is 3.7 to 1. When caffeoyl COA was used as a substrate, no significant activity was detected. The results indicate that the pCAOMT-7 cDNA clone encodes a bifunctional CAOMT. The pCAOMT-7 cDNA is 1183 bp long excluding the poly(A) tail. The longest open reading frame encodes a polypeptide of 354 amino acids with a predicted molecular mass of 38,586 D. Both nucleotide sequence and deduced amino acid sequence of the pCAOMT-7 exhibit significant sequence similarity to the known plant CAOMTs: 55 to 70% nucleotide identity in the open reading frame and 60 to 84% amino acid similarity with CAOMTs from aspen , alfalfa (Gowri et al., 1991) , maize (Collazo et al., 1992) , poplar , tobacco (Jaeck et al., 19921, and eucalyptus (Poeydomenge et al., 1994) .
To analyze the genomic organization of Zinnia CAOMT, Zinnia genomic DNA was digested with XbaI, BamHl (enzymes that do not cut the pCAOMT-7 cDNA), HindIII, or EcoRI (enzymes that cut once in the pCAOMT-7 cDNA) and probed with the 32P-labeled pCAOMT-7 cDNA. A11 these digests had at least five hybridizing fragments (data not shown). It appears that the Zinnia CAOMT may be encoded by more than one gene.
Expression of the CAOMT Cene in Zinnia Cultured
Cells and Organs
To examine whether the accumulation of the CAOMT at the transcript level was correlated with lignification, we analyzed the expression pattern of the CAOMT gene in Zinnia in vitro differentiating TEs. Zinnia isolated mesophyll cells did not differentiate when cultured in the basal medium without any hormone, whereas 60% of cells underwent differentiation into TEs within 72 h when cultured in the TE induction medium. Heavy lignin deposition occurred between 60 and 72 h in differentiating TEs, as determined by phloroglucinol staining. RNA gel blot analysis (Fig. 1A) showed that the CAOMT mRNA accumulated by 12 h of culture in the TE induction medium and maintained a low level throughout the culture period. At 72 h of culture, the majority of TEs were heavily lignified, so no RNAs were prepared for analysis. In the cells cultured in the basal medium, the CAOMT mRNA also accumulated throughout the culture period. Quantitative analysis (Fig. 1B) showed that the CAOMT mRNA levels were the same at 12 and 60 h in the cells cultured in the basal medium and in those cultured in the TE induction medium, whereas the CAOMT mRNA levels between 24 and 48 h were about four times higher in the cells cultured in the basal medium than in the cells cultured in the TE induction medium.
Total RNAs from different organs of 1-month-old Zinnia plants were probed with 32P-labeled pCAOMT-7 cDNA as shown in Figure 1A . The CAOMT mRNA was barely detected in the Zinnia leaves, whereas a higher level of the CAOMT mRNA accumulated in the Zinnia stems, roots, and flower buds.
Spatial and Temporal Expression of the CAOMT and the
CCoAOMT Genes in Zinnia Stems
The results discussed above show that the accumulation of the CAOMT mRNA does not correlate well with ligni- fication during in vitro TE differentiation. However, three different cell types, i.e. phloem fibers, xylem fibers, and TEs, are lignified at different developmental stages in the plant. Therefore, we examined whether the CAOMT gene is differentially expressed in different cell types in Zinnia stems and compared the expression pattern of the CAOMT gene with that of the CCoAOMT gene (Fig. 2) . The location of the signal on the tissue prints was determined by superimposition of the signals with the corresponding anatomies. In the young internodes (Fig. 2, A and D) , the CAOMT mRNA was present mainly in developing phloem fibers (Fig. 2, B and E), whereas the CAOMT mRNA signal was not evident in differentiating xylem regions (Fig. 2B) .
Compared with the signal of the CAOMT mRNA in phloem fibers, the signal in the xylem regions of the second internode was less evident (Fig. 2, D and E) . In contrast, the CCoAOMT gene was expressed predominantly in differentiating xylem regions at these same stages, whereas little signal was observed in developing phloem fibers (Fig. 2, C  and F ). In the older internode in which both xylem TEs and xylem fibers were undergoing lignification (Fig. 2G) , the CAOMT mRNA appeared in differentiating xylem regions (Fig. 2H) , and the CAOMT mRNA was still present in phloem fibers. At this stage, both phloem fibers and xylem showed heavy CCoAOMT mRNA signals (Fig. 21) . When the tissue prints were hybridized with the CAOMT and CCoAOMT sense RNA probes, no positive signals were observed under the same hybridization and exposure conditions, as they were for the antisense RNA probes. The results indicated that the expression of the CAOMT and CCoAOMT genes is temporally and spatially regulated during lignification in different cell types.
Immunogold Localization of the CAOMT in Zinnia Stems
The CAOMT protein distribution in Zinnia stems was determined using aspen CAOMT antibodies (Fig. 3) . In the young Zinnia stem (Fig. 3A) , only xylem vessels were being lignified as judged by phloroglucinol staining (Fig. 3B) . Concomittantly, the CAOMT protein staining was not evident in the lignifying cells (Fig. 3C ). In the older stem (Fig.  3E) , all phloem fibers, xylem vessels, and xylem fibers showed lignin staining (Fig. 3F) . The CAOMT staining was quite evident in phloem fiber cells and xylem fiber cells (Fig. 3G) . From the data in Figure 3G , although it was not possible to estimate the level of the CAOMT accumulation in lignifying vessels, the CAOMT staining was much less evident in differentiating vessels when compared with the staining in phloem fibers and xylem fibers. The sections incubated with the control serum did not show positive staining (Fig. 3, D and H) .
DISCUSSION
Zinnia CAOMT Accumulation Appears to Be More Evident in the Fibers Than in the TEs
In this paper, we describe the isolation of the Zinnia CAOMT cDNA and the analysis of the temporal and spatial expression of the CAOMT gene during lignification in the plant. The Zinnia CAOMT cDNA was isolated by immunoscreening a Zinnia cDNA expression library, and its identity was further confirmed by the accumulation of the CAOMT enzyme activity in E. coli. The Zinnia CAOMT catalyzed 3-O-methylation of caffeic acid and 5-O-methylation of 5-hydroxyferulic acid, and exhibited little activity on caffeoyl CoA. This is in contrast to the CCoAOMT enzymes, which catalyzed 3-O-methylation of caffeoyl CoA but exhibited little activity on caffeic acid (Kiihnl et al., 1989; Pakusch et al., 1989) .
The analysis of the CAOMT mRNA accumulation further indicated that the CAOMT may not be predominantly involved in lignification in Zinnia in vitro differentiating TEs, as previously shown by the CAOMT activity assays (Fukuda and Komamine, 1982; Ye et al., 1994) . The induction of CAOMT in Zinnia cultured mesophyll cells probably resulted from the wounding response during cell maceration and subsequent cell culture. In Zinnia cultured mesophyll cells, many lignin-related enzymes are slightly stress induced, although little lignin deposition is detected. Heavy lignification occurs in parallel with the marked induction of lignin-related enzymes during differentiation ( Fukuda and Komamine, 1982; Church and Galston, 1988; Lin and Northcote, 1990; Sato et al., 1993; Ye et al., 1994) . In the cells cultured in the TE induction medium for 48 h, the CAOMT mRNA level was only one-fourth that in the cells cultured in the basal medium, in which no TEs were induced (Fig. 1) . This is in contrast to the levels of the CCoAOMT and cinnamic acid 4-hydroxylase mRNAs in differentiating TEs, which at 48 h were 8 to 10 times higher than in the control cells (Ye et al., 1994) . The reduction of the CAOMT mRNA level in the cells cultured in the TE induction medium may be due to the suppression of wounding induction by the auxin-and cytokinin-induced differentiation response. It was shown that the expression of some wounding-induced genes, such as a pathogenesisrelated protein and a Ser proteinase inhibitor, were suppressed during differentiation (Ye and Varner, 1993) . The lack of the marked induction of CAOMT during lignification in the Zinnia in vitro differentiating TEs became understandable after the analysis of CAOMT expression in the whole plant. In the young Zinnia internodes, the CAOMT mRNA signal was low in differentiating xylem. However, a strong signal of the CAOMT was detected in developing phloem fibers and in developing xylem fibers of the older internode (Figs. 2 and 3) . The results indicate that the marked accumulation of the Zinnia CAOMT is associated mainly with the fibers. It is not known whether the lack of marked accu- mulation of the CAOMT in differentiating TEs is due to the rapidly degradation of its mRNA and enzyme. But such a possibility seems not to be a general phenomenon, because many of the other lignin-related enzymes accumulate markedly in Zinnia differentiating TEs (Fukuda and Komamine, 1982; Church and Galston, 1988; Lin and Northcote, 1989; Sato et al., 1993; Ye et al., 1994) .
The CAOMT and CCoAOMT Genes Are Differentially Expressed during Lignification in the Plant
The comparative analysis showed that whereas the accumulation of the CAOMT mRNA was low in xylem TEs of the young Zinnia internodes, the CCoAOMT mRNA was markedly induced in the differentiating TEs of the same internode (Fig. 2) . These results indicated that the CCoAOMT-mediated methylation pathway might be the main pathway for monolignol methylation in the TEs of the young Zinnia internode, as it is in in vitro differentiating TEs. In the older internode, the marked accumulation of the CAOMT was observed in developing fibers. Thus, it is possible that monolignols synthesized in the fibers through the CAOMT-mediated methylation pathway could be transported into TEs for polymerization, as suggested by Pickett-Heaps (1968) . It will be of interest to examine the effect of inhibition of the CCoAOMT-mediated methylation pathway on lignification in TEs.
Taking into account all previous data from lignin researchers, we propose a scheme of monolignol biosynthesis that combines both the CAOMT-and the CCoAOMT-mediated methylation pathways (Fig. 4) . As indicated in Figure 4 , caffeoyl CoA can be derived from p-coumaroyl CoA and/or caffeic acid, as proposed by Kiihnl et al. (1989) . It is not known from which pathway caffeoyl CoA is derived for the subsequent CCoAOMT-mediated lignin methylation pathway during Zinnia TE differentiation. Analysis of the expression patterns of p-coumaric acid 3-hydroxylase and p-coumaroyl CoA 3-hydroxylase in Zinnia differentiating TEs may help to elucidate from which pathway caffeoyl CoA is derived.
Our results also showed that both the CAOMT and CCoAOMT genes were highly expressed in phloem fibers and in xylem fibers that were being lignified in older Zinnia internodes, indicating that the two lignin methylation pathways might be operating in the same cell types. In this case, a11 intermediates in the CAOMT-mediated lignin methylation pathway, such as caffeic acid, ferulic acid, and 5-hydroxyferulic acid, could become substrates for the CCoAOMT-mediated lignin methylation pathway (Fig. 4) . This possibility is supported by the previous findings that p-coumaric acid, caffeic acid, ferulic acid, and 5-hydroxyferulic acid a11 could be efficiently activated as their COA esters by COA ligases from angiosperms (see reviews by Higuchi, 1985; Davin and Lewis, 1992) . Based on the fact that the occurrence of sinapic acid:CoA ligase in angiosperms is not common, Higuchi (1985) postulated a biosynthetic pathway of sinapyl alcohol in which 5-hydroxyferulic acid is also activated as its COA ester by the COA ligase. In this pathway, 5-hydroxyferuloyl COA thus formed is converted into 5-hydroxyconiferaldehyde, which then is methylated by CAOMT to form sinapaldehyde (Higuchi, 1985) . The identification of the CCoAOMT-mediated lignin methylation pathway may indicate the physiological significance of the efficient activation by COA ligases of a11 intermediates in the CAOMT-mediated lignin methylation pathway. It will be interesting to know how these two lignin methylation pathways are coordinated where they occur in the same cell types. The 3-hydroxylation of pcoumaric acid and p-coumaroyl COA in the pathways might be the first step to regulate the traffic through the two different pathways during lignification.
Differential Expression of Two OMethyltransferases Might
Contribute to Lignin Heterogeneity in Different Cell Types
Lignin composition is different in different species, tissues, and cell types, and even in the same cell types at different developmental stages. It was proposed that lignin heterogeneity is controlled by the differential regulation of a number of lignin-related enzymes (Grisebach, 1981; Grand, 1984; Monties, 1985; Lewis and Yamamoto, 1990; Terashima et al., 1993) . The substrate specificities of CAOMTs may contribute to the difference in lignin composition between gymnosperm lignin and angiosperm lignin (Davin and Lewis, 1992) . We suggest that the differential expression of the CAOMT and the CCoAOMT might further influence lignin composition in different tissues and cell types in Zinnia because the CAOMT and the CCoAOMT have different methylation rates on their corresponding substrates. In Zinnia xylem TEs, the CCoAOMTmediated methylation pathway may favor the formation of a higher proportion of guaicyl lignin. It has been observed that guaicyl lignin is the major type of lignin in TEs in Plant Physiol. Vol. 108, 1995 white birch (Saka and Goring, 1988) and Arabidopsis (Chapple et al., 1992) .
Recently, CAOMT was targeted for the manipulation of lignin content and composition by genetic engineering. The reduction of lignin content only (Ni et al., 1994) or the alteration of lignin composition only (Dwivedi et al., 1994; Legrand et al., 1994) was achieved in transgenic tobacco expressing antisense CAOMT genes. CCoAOMT activity was detected in tobacco stem extracts (Ye et al., 1994 ). Thus, it seems possible that the reduction of syringyl lignin without the alteration of lignin content (Dwivedi et al., 1994; Legrand et al., 1994 ) might be partly due to the compensation of the CCoAOMT-mediated methylation pathway. It will be of interest to examine the effects of simultaneous inhibition of both methylation pathways on lignification.
Xylem vessels are essential for conduction. Deposition of lignin in xylem vessels not only provides mechanical strength and waterproofing, but also prevents the degradation of the wall during autolysis at the maturity of xylem vessels (OBrien, 1970; Esau and Charvat, 1978) . Amrhein et al. (1983) and Smart and Amrhein (1985) demonstrated that the inhibition of lignin deposition resulted in the collapse of xylem vessels and the separation of the cellulose microfibrils of unlignified secondary wall from one another. Therefore, it might be desirable to reduce lignin mainly in nonconducting cells such as phloem fibers and xylem fibers. If the Zinnia CAOMT gene promoter confers preferential expression in the fibers, it seems possible that preferential reduction of lignin in the fibers might be achieved using the Zinnia CAOMT promoter-driven expression of lignin antisense gene(s). Further study is currently underway to understand the regulation of lignin methylation pathways.
